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Executive summary Overview
Intelligence on the prevalence of injecting and problem drug use is critical to the development of health strategy and the implementation of public health interventions. Direct estimates of prevalence through general household surveys have not proved reliable. Indirect estimation techniques tend to start with existing data sources on injectors or problem drug users in order to estimate the number "unobserved" by the data sources and combining them to estimate the prevalence of injecting or problem drug use in the population. This report compares and develops existing indirect estimation techniques (capture-recapture and multiplier methods) in order to estimate the prevalence of injecting in three areas of England (Liverpool, Brighton and part of London). Estimates of the prevalence of problem opiate use also were generated for Liverpool and London, and problem drug use and crackcocaine use for London.
The estimation exercise involved collecting data about problem drug users in contact with specialist drug treatment, arrest referral, needle exchange, and Accident and Emergency departments, and conducting a community-recruited survey in the three sites. The process of analysis and assumptions underpinning the methods are outlined in the report and appendices.
The "best" estimates for each of the areas summarised below were generated using covariate capture-recapture techniques.
Best estimates
Injecting drug use Table 1 shows the best estimates of the prevalence of injecting drug use using capture-recapture in the three study areas, including the number observed within the data sources used in the study, the estimate of the unobserved and 95 per cent confidence interval.
Overall, we estimate that the prevalence of injecting drug use in those aged 15 to 44 years was two per cent in Brighton, 1.5 per cent in Liverpool, and 1.2 per cent in 12 London boroughs, and 1.7 per cent in the eight inner London boroughs.
In Table 1 the column "unobserved" does not necessarily mean "hidden" as the unobserved population includes injectors in contact with other data sources not included in the study or injectors in contact with one of our data sources but for one reason or other not reported by them.
Prevalence is high and clearly a cause for concern. However, the estimates are credible, consistent with each other and fit with the available evidence from some of the public health indicators. The prevalence estimates based on the multipliers were also calculated but were less robust, in all but one 
Total number of injectors ( 95% CI )
Prevalence of injecting drug use (95% CI) 3 example they were lower than the capture-recapture estimates, and in many cases lower than the number of observed injecting drug users in the population. Consequently, this methodology was considered inferior to capture-recapture and recommended as a method only to be used with extreme caution.
Public health indicators
Utilising the prevalence estimates Table 2 shows preliminary estimates of service coverage and key public health indicators in the three areas:
• Specialist drug treatment -estimate of the proportion of injecting drug users in contact with treatment services.
• Needle exchange activity and distribution -estimate of the proportion of injecting drug users registered with a needle exchange and annual number of syringes distributed per injecting drug user.
• Opiate overdose mortality -estimate of the opiate overdose mortality rate in 2000/01 based on capture recapture estimates and mortality statistics.
The preliminary measures of coverage emphasise some important public health messages. In Brighton, not only was the prevalence of injecting estimated to be higher (Table 1 ) but the proportion of opiate users reported as dying from overdose also was estimated to be higher at two per cent. The estimated coverage of needle exchange distribution was similar but inadequate in the three areas at approximately one clean syringe per injector every two days (or only 25% of all injections). Syringe exchange distribution needs to be expanded in order to reduce the opportunity for sharing and viral transmission, especially to prevent hepatitis C infections. Equally, national surveillance of syringe exchange needs to be established in order to provide ongoing intelligence on the uptake of this service.
The results also highlight the need to improve the completeness and quality of surveillance data on problem drug users in contact with other services. Significant efforts are being made to increase the proportion of injecting drug users in treatment and prevalence estimation though capture-recapture could be used to monitor progress. However, significant improvements are required in the quality of data collected on the number of people in specialist drug treatment, and to the routine data available for future capture-recapture studies.
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Other estimates Table 3 shows our current estimates for the number and prevalence of problem opiate users in Liverpool and London, and problem drug use and crack or cocaine use in London.
Overall, we estimated that the prevalence of problem opiate use was 2.1 per cent in Liverpool and London, and in London the prevalence of problem drug use and crack or cocaine use was 3.4 per cent and 0.8 per cent respectively.
Overall, these estimates suggest that the injecting population is approximately 70 per cent of that for opiate users in Liverpool and 60 per cent in London; and in London opiate users were estimated to be 63 per cent of the estimate of problem drug use. The estimates for crack/cocaine should be treated cautiously and perhaps as minimum estimates. However, these estimates are still an important step forward in measuring the spread of crack cocaine use and the first for this substance in the United Kingdom.
Summary recommendations
Overall, we recommend the use of covariate capture-recapture techniques for estimating prevalence of injecting drug use and other types of problem drug use, and that local prevalence estimation be extended to other Drug Action Team areas.
Data quality and availability were limitations on the prevalence estimation exercise. Therefore, we recommend that prevalence estimation become an objective of our investment in data sources on problem drug use, and that key stakeholders nationally and locally consider which data sources can be used for prevalence estimation and identify what action, if any, needs to be taken to enhance the data collected.
We do not recommend the wider use of multiplier methods as a sole method for estimating the prevalence of problem drug use.
We recommend the improvement of data on specialist drug treatment and needle exchange activity.
Finally, national policy-makers must urgently consider increasing the distribution of clean injecting equipment by as much as two-fold, in order further to reduce the opportunity for sharing syringes and prevent transmission of blood borne viruses. 
Total number of drug users ( 95% CI )

Introduction
Intelligence on the prevalence of injecting and problem drug use is critical in the development of health strategy and the implementation of public health interventions. Such intelligence should inform planning and allocation of resources for control, treatment and prevention of problem drug use and its consequences and should help identify the proportions of problem drug users in contact with treatment and harm reduction activities (i.e. coverage). This report compares and develops existing epidemiological methodologies in order to estimate the prevalence of injecting drug use in Brighton, Liverpool and parts of London. For some of these areas the report also identifies levels of opiate use, crack-cocaine use, and problem use. Finally, using estimated levels of problem drug use the report calculates preliminary coverage for a number of public health indicators in each locality.
Estimating prevalence
Direct methods for estimating levels of any behaviour in a population (e.g. population or household surveys) are often considered a gold standard for measuring prevalence and can be very effective in monitoring common drug using behaviours such as tobacco or alcohol. However, direct methods are inefficient and ineffective at measuring the prevalence of rare, more covert and more problematic forms of drug use such as injecting or heroin and crack-cocaine use 1 2 . This can be illustrated through two examples of non-response and lack of power.
First, the 2001 British Crime Survey, which now has a sample size of almost 33,000, found less than 50 people reporting that they used heroin in the last month 3 . The resulting population estimates (33,000, range 19,000 to 53,000) are implausible, falling short of the number of heroin users presenting to treatment sites and only just higher than the number of heroin users screened through arrest referral.
Second, a national survey of adolescents (aged 12 to 17) in the USA found an annual prevalence of illegal drug use of between 13 per cent and 35 per cent in 1991 and 19 per cent and 39 per cent in 1997. However, as insufficient information was known about the non-responders (those not returning questionnaires) it is possible that the prevalence fell from 35 per cent to 19 per cent or increased from 13 per cent to 39 per cent. Trends in the incidence of heroin and crack-cocaine use derived from population surveys are even less certain
Consequently, indirect methods have been developed to estimate prevalence when direct methods are impracticable or unreliable. Indirect methods start with data on a sample of problem drug users as the observed data set, and seek by a variety of different techniques to estimate the proportion of the total problematic drug using population that are represented by these observed data. From this it is then possible to estimate the total number or prevalence. A number of indirect methods have been developed (see Box 1), which are discussed more fully elsewhere 4 5 6 7 8 9 .
Box 1. Indirect methods of estimating prevalence of problem drug use
Capture-recapture methods 10 11 (34 to 63) Capture-recapture methods -open populations 12 Multiplier methods 13 14 15 (24, 25, 57, 65-70) Event based multipliers 16 Synthetic estimation/ multiple indicator methods 17 Truncated Poisson 18 Back-calculation 19 20 In this study we used two methods: capture-recapture and multipliers. Capture-recapture is one of the most accepted methods for prevalence estimation in drug use epidemiology, and has been widely used and promoted in other epidemiological fields 21 22 23 . Multiplier estimates also have been widely used for estimating drug use 10 14 15 and have been proposed as a means of estimating prevalence in rural areas (where there are insufficient data for capture-recapture) 24 and as an option for developing 6 countries
25
. In order to identify the most appropriate methods for indirect estimation of prevalence, several different multipliers and capture-recapture techniques have been tested in each of the three sites. Consequently, this study had the aim of estimating the prevalence of injecting, opiate use, and problem drug use in three sites in England (Brighton, Liverpool and 12 London boroughs) and the following objectives:
1. to undertake population estimation studies using consistent methodologies 2. to compare capture-recapture and multiplier methodologies 3. to recommend methods for use in other sites across the United Kingdom 4. to provide reliable estimates of prevalence for use in national estimation of problem drug use
Rationale for choosing Liverpool, London and Brighton
The three sites were not intended to be representative of the English population, but crucially were large enough and had sufficient data to allow testing of prevalence estimation techniques in different sites. The three sites also offer contrasting populations. London is important because of its size, its ethnically and culturally diverse composition and because previous studies have suggested it has higher than average levels of problematic drug use 26 . Not all of London was covered by this survey with the study limited to 12 London boroughs covering much of central London and including both affluent and deprived areas. Liverpool is one of the major cities in the north west of England and has a considerable track record in drug research and monitoring with relevant local expertise. Much of the north-west region, and in particular Liverpool, is characterised by high levels of deprivation. By contrast, Brighton is a smaller popular coastal resort town on the south coast. However, it also has a history of problems relating to drug use, especially relating to overdose, and has a Drug Action Team capable of supporting this study.
Population data and deprivation indicators for these three areas are summarised below in Table 4 . In practice, capture-recapture requires two or ideally three or more data sources which in some way identify individual problem drug users (e.g. initials, date of birth and sex) and can identify the number of matches between the data sources (i.e. the number of people that occur in more than one data source). The data sources are referred to as the observed or raw data, and the proportion matched represents the overlap or sampling intensity (i.e. the proportion of the total population of problem drug users observed in the data sets). Statistical techniques can be utilised to estimate the number of drug users who appear in none of the data sources, which combined with the observed number generates the prevalence estimate.
Animal ecologists originally developed capture-recapture as a method for estimating animal abundance 27 28 . Early in the 20 th century it was adopted for use in estimating the under-count of census populations and more recently has been used extensively in epidemiological studies 29 30 22 23 . However, most epidemiological uses of capture-recapture seek to adjust for under-ascertainment of surveys or routine data sources, such as cancer registries or diabetic diagnoses 31 32 . In such cases diagnoses of missing cases have usually taken place but have not been reported. In drug use, capture-recapture methods estimate both the hidden population of problem drug users who have not yet been (and may never be) identified by treatment or criminal justice systems and those that have failed to be reported by the original data sources. A fuller review of the epidemiological uses of capture-recapture are presented elsewhere 22 23 .
Bishop et al were one of the first to identify the potential for capture-recapture methods in estimating the prevalence of addiction 33 . Since then capture-recapture methods have been applied to drug use in many cities and countries worldwide 15 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61   62 . Most recently a study in Scotland derived a national estimate for problem drug use using multiple capture-recapture estimates in each Health Board and Drug Action Team area 63 .
Data sources for capture-recapture
In the study, data on problem drug users were collected from six data sources covering the period April 2000 to end of March 2001 inclusive. These were:
• Criminal justice -arrest referral assessments: arrest referral workers are located in police custody suites throughout England. They interview arrestees, assess their drug problem, and if appropriate refer to specialist drug agencies. During the assessment they complete a standardised report form that was used as the data source 64 .
• Drug treatment -new and ongoing clients at specialist drug treatment agencies reported to the Regional Drug Misuse Database (now the National Drug Treatment Monitoring System). In Brighton, data from the local system were used, and in London from the regional system. In Liverpool, data from the regional system were combined with data from a 'Period Prevalence Database'.
• Needle exchange services -clients who were registered with and attended selected agencybased needle exchange with client record systems.
• Accident and Emergency -visits due to an overdose (opiate, cocaine, other illicit drug).
• Community-recruited survey -injecting drug users resident in the study area.
In the capture-recapture analyses the Accident and Emergency and community survey data sources were combined to make a single data source, as they were the two smallest data sources and they had very little overlap of cases.
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Further details of the data sources used in the three areas are summarised in Appendix C. Data on attendance for drug treatment services and on contacts by arrest referral workers were centrally available in electronic format for all three areas. The format of all other data varied between areas. Accessing data not in electronic format proved time consuming, especially for overdose data from accident and emergency departments. Box 2 shows the process of analysis.
Multiplier methods
Multiplier methods (also referred to as ratio-estimation) come in a variety of guises, but have two elements in common. First, a data source called a "benchmark" is required, which represents the number of problem drug users that have experienced a particular event, such as the number of problem drug users in treatment. Second, an estimate of the proportion of all problem drug users that have or have not experienced that event is required. The inverse of this proportion is called the multiplier. For example, if the benchmark was 100, and it was estimated that 10 per cent of the population under investigation were recorded on the benchmark, then the estimated total would be calculated as 1,000 (i.e. 100*10). 15 14 .
In this study, multipliers were collected through a community-recruited survey, conducted between July and November 2001 71 . Indigenous fieldworkers were trained in each site (13 in Liverpool, six in Brighton, and 25 in London) to recruit injecting drug users through social networks or directly on the street. Respondents were aged 16 years or over, resident in the site between April 2000 and March 2001 and had injected drugs in the previous month. A standardised questionnaire collected data on contact with benchmarks for the multiplier study, basic demographic details (initials, sex, and date of birth) for inclusion in the capture-recapture study and drug using information, such as, drug use history and injecting behaviour.
The following multipliers were collected:-1. Attendance at a named specialist drug agency.
2. Registration and attendance at a named agency based needle exchange.
3. Assessment by an arrest referral worker at a named police station.
4. Attendance at an Accident and Emergency department due to an overdose associated with injecting or opiate use.
5. Arrest under the Misuse of Drugs Act for an offence involving heroin.
In addition to using multipliers from the community survey a number of historical multipliers were used. These were:
The treatment demographic method
The number of new users entering treatment in a year is multiplied by the mean duration of use prior to entering treatment, which in a recent Home Office study was assumed to be five years67.
The treatment coverage method.
The number of users in treatment is multiplied by an estimate of the proportion of users in treatment, which was assumed to be between 33 per cent to 50 per cent (giving a multiplier of two to three) The number of opiate overdose deaths is multiplied by 50 to 100 under the assumption that the opiate overdose mortality is one per cent to two per cent
17
.
Assumptions
Capture-recapture
The main assumptions of the capture-recapture method are:
1. That the population being estimated is closed -i.e. that the number of drug users entering or exiting the population over the time period studied is negligible.
2. In two sample studies that the data sources are independent -i.e. that appearing in one data source does not mean an individual is more or less likely to appear in another.
3. Importantly, this assumption can be modified in n-way studies (i.e. those with three or more data sources) by using Poisson regression techniques to test and adjust for "dependencies" between data sources with a weaker assumption that there is no "n" way interaction (e.g. if four data sources that there is not a dependency between all four data sources).
4. That there is no 'heterogeneity' (i.e. that all subjects have an equal probability of being captured by a particular data source). For example, that younger, or male, or black ethnic minority group problem drug users are not more or less likely to be on a data source than their counterparts.
5. That no misclassification of data occurs -i.e. that the matching of individuals between the data-sets is accurate.
6. That all data sources are broadly representative of the population being studied.
Finally, we assume that the model that fits the observed data applies also to the "unobserved" population; and as there is no way of testing this assumption it has been argued that interpreting capture-recapture, and indirect methods in general, call for a leap of faith 72 . For this reason it is essential that the estimates are "evidence based", i.e. that other knowledge and expertise is used in corroboration and to help judge whether the estimates are credible.
Furthermore, confidence intervals should be interpreted with caution as they do not and cannot account for bias or "model misspecification", i.e. that the wrong model has been selected and/or that the unobserved population is not represented by the model fitted to the observed data.
The assumptions are fully discussed elsewhere 22 23 33 . However, in practice, almost all of these assumptions are violated to some extent during capture-recapture, but steps can be taken to limit the effects of such violations (the steps taken in this study are addressed briefly in the discussion). In general, capture-recapture studies of drug misuse tend to collect at least three data sources and include both treatment and criminal justice systems, they usually consider estimates over time periods of no more than one year and ideally contain sufficient observed data to allow estimates by age and sex 6 .
In this study we employed covariate capture-recapture techniques 73 74 . Standard information criterion (BIC and AIC) for selecting models, and bootstraps methods, in which the data cells were re-sampled, were used to estimate confidence intervals of the best fitting model 75 76 77 78 . See Box 2 for a summary of the analysis approach used for capture-recapture.
Box 2. Capture-recapture analysis
The aim of the analysis is to find the simplest model with the best fit to the observed data (i.e. patterns of overlap between data sources of known drug users). This model can then be used to estimate the number of unobserved problem drug users. A fuller description of the general equations and statistical methods is given by Bishop et al, and Hook and Regal, and the covariate method by Tilling et al. Poisson regression can be used to test dependency (i.e. the strength of relationships) between data sources and alter the model fit accordingly. A dependency between any two data sources (say S1 and S2) is said to be:
• a positive dependency if a person in S1 is more likely to be in S2 than someone who is not in S1, or
• a negative dependency if a person on S1 is less likely to be on S2 than someone not on S1.
More complex interactions or dependencies can be tested, for instance involving a combination of three data sources. A number of different Poisson regression models are then fitted to the data, according to which dependencies are included and which omitted. The best fitting model is determined usually by seeing which one best predicts the patterns of observed data.
In this study we undertook the following steps to select appropriate models and calculate final estimates (see appendix for a worked example).
1. In order to later help calculate prevalence only cases aged 15-44 were included.
2. The data were organised into contingency tables, showing matches between each of the data sources.
3. All possible Poisson regression models were run from independent (i.e. no dependencies) to all three-way interactions (dependencies between three of the data sources) for capture-recapture with four data sources in each model.
4.
To select the best model the goodness of fit "G 2 " was examined, models with different number of interactions were compared using LRT (log likelihood ratio test), and the overall scores were compared using information criterion AIC (Akaike Information Criterion) and BIC (Bayesian Information Criterion).
5. A weighted estimate across all possible models was generated using the BIC score as a weight (1/exp (BIC/2)).
6. The analysis was repeated for males only, females only and by age-group.
7. Covariate capture-recapture methods took the best fitting interactions identified in the previous stratified analysis to generate estimates of the unobserved population by age group and gender. If necessary separate covariate models were run for males and females.
8. Confidence intervals were generated using bootstrap methods.
9. The analyses were repeated where possible to calculate separate estimates for injecting drug users, opiate users, crack-cocaine users, and problem drug users. The mix of data sources varied for different target groups, as some data sources were exclusively composed of injecting drug users.
Multiplier methods
The assumptions underpinning multiplier methods are similar to two sample capture-recapture methods namely:
a. that the population being estimated is closed b. that the multiplier is independent from benchmark and representative of population to be estimated c. that the benchmark is completely and accurately recorded and that the multiplier accurately records events recorded by the benchmark.
The multiplier should be obtained from a representative sample of problem drug users and collected over the time period and place corresponding to the benchmark data. In practice, perfectly random and representative samples of problem drug users cannot be collected although measures can be taken to limit any potential bias.
Ethical approval
Ethical approval was obtained from Scottish Multi-Centre Research Ethics Committee (Reference MREC/01/0/1), and appropriate Local Research Ethics Committees for the three areas one in Liverpool, one in Brighton, 10 in London (Appendix B).
Findings
The community surveys
Community surveys were undertaken in all three locations. These data were used both as multipliers (for the multiplier method) and as a data source for the capture-recapture analyses. Over 650 current injecting drug users were recruited across the three sites: 96 in Brighton, 151 in Liverpool, and 436 in London. A summary of the surveys sample and key findings can be found in the Table 5 . Arrested for heroin offence 9% 16% 25%
Use real name initials 84% 95% 90% Use real date of birth 84% 95% 90% Further details of the survey findings at each site are given in Appendix C A&E = Accident and Emergency AR = arrest referral # any of the following forms of drug uses: any use of opiates, crack, or cocaine; or injecting benzodiazepines or amphetamines.
Results from the community surveys undertaken in the three areas: demographic characteristics, drug use and service contact
Sample sizes
Characteristic
Use real identifiers when using services
When last injected
Type of drug mainly injected
Contact with services providing multiplier benchmarks in previous year 13 In all three sites the sample was predominately male and born in the United Kingdom. The difference in the mean age of the respondents (four years higher in Brighton and Liverpool than in London) was an artefact, because we supplemented the London community survey with data from another survey recruited using the same techniques but which selected injectors with short injecting careers. The majority of respondents injected either opiates, or opiates and cocaine together. Table 5 also contains the proportion of the survey respondents who were in contact with those services (between April 2000 and March 2001) that provided data for use in multiplier estimations.
These proportions varied across areas with almost nine in ten (87%) injecting drug users in Brighton having attended a specialist treatment agency compared with only four in ten (41%) in London and around six in ten (57%) in Liverpool. Furthermore, in Liverpool and London almost four in ten individuals were registered with an agency-based needle exchange, compared with eight in ten in Brighton. Community survey participants in all three areas were more likely to report contact with treatment agencies or agency based needle exchanges than with arrest referral workers, or Accident and Emergency departments due to an overdose or the police as a result of a heroin offence. However, respondents in Brighton were more likely than those in Liverpool or London to have attended an Accident and Emergency department for an opiate overdose. Respondents in London were more likely than those in Liverpool and Brighton to have been arrested for a heroin offence. Very few survey respondents reported giving either false initial or dates of birth to the services they were registered with.
Though we would expect some differences in the coverage of services in contact with injectors between the three areas (highlighted below in the section on public health indicators), the scale of the differences in coverage suggested by the community surveys is likely, at least in part, to be due to selection bias (especially between Brighton and the other areas). Table 6 provides a summary of the data sources available for capture-recapture analyses in each area. Availability and data quality issues are raised in the discussion.
Capture-recapture results
Overall, in Brighton nearly 1,200 records were collected on 1,038 individual problem drug users. Of these individuals 15 per cent were recorded by more than one data source with 8 per cent being recorded in both the treatment and needle exchange data sources. In Liverpool over 3,000 records were collected on 2,557 problem drug users. There were over 1,600 records from 1,224 injecting drug users, and of these injectors 247 were on both the treatment and needle exchange data sources. In London, nearly 9,000 records were collected on 7,766 problem drug users, of which about 5,300 records were injecting drug users. Of these individuals 14 per cent were recorded by more than one data source with 7 per cent being recorded in both the treatment and needle exchange data source In Brighton there were 857 (83% of the total) individuals identified as injecting drug users, 1,224 (48%) in Liverpool and 4,252 (55%) in London. Although the variations in the proportion of records that were due to injecting drug use may reflect differences in the pattern of drug use between the areas, they will be strongly related to the proportion of records collected from the different data sources and the quality of record-keeping on route of drug administration in these sources. In Brighton over half of the records were collected from the local needle exchange, whilst in both Liverpool and London specialist drug treatment was the largest data source. Over 70 per cent of the records included in the injecting drug use analysis were from treatment and/or needle exchange.
In all three areas the proportion of females and those under 25 varied between the data sources indicating an element of data 'heterogeneity'. For example, in Brighton and Liverpool there were proportionally less people under 25 in treatment and needle exchange data sources than in the other sources (excluding the community survey), and in London, there were proportionally less females in the arrest data source than in the other data sources. Such heterogeneity could introduce bias unless dealt with in analysis through covariate analysis.
The final capture-recapture estimates using covariate analyses are presented as overall estimates for those aged 15 to 44, as well as by age group and gender. London estimates have been further 
Injecting drug use
Estimates for injecting drug users were obtained for all three areas and are shown in Table 7 . Typically, age specific estimates are calculated for those under 25 and those 25 and over. However, due to the small number of individuals aged under 25 in Brighton, estimates by age group were generated for those under 30 years, and 30 years and over for all sites. However, estimates for those under 25 were obtained for Liverpool and the London boroughs and can be found in Table 8 .
In Brighton we estimated that there were an additional 1,448 injecting drug users not observed by the study data sources giving an estimated total of about 2,300 injectors (95% confidence interval 1,500 to 3,700), which in a population of just over 100,000 aged 15 to 44 gives a prevalence of two per cent (95% confidence interval of 1.3% to 3.2%). This is a high prevalence (one in 50 adults aged 15 to 44), 15 but the ratio of observed to unobserved was less than two. In Liverpool we estimated there were an additional 1,688 unobserved injectors giving a total of about 2,900 (95% confidence interval 2,500 to 5,000) injectors and a prevalence of 1.5 per cent (95% confidence intervals 1.3% to 2.6%). In London we estimated that there were an additional 12,547 injectors giving a total of over 16,700 (95% confidence interval 13,800 to 21,600) and a prevalence of 1.2 per cent (95% confidence interval 1.0% to 1.6%). The London estimate, when subdivided into inner and outer London, suggest that the prevalence in outer London was less than a third of that in inner London (0.4%, 95% confidence interval 0.3% to 0.8%, and 1.7%, 95% confidence interval 1.2% to 3.3% respectively). In London the ratio of observed to unobserved injectors was higher than for the other areas at three, but not implausibly high. Furthermore, it is important to note that unobserved does not necessarily mean "hidden" as the unobserved population includes injectors in contact with other data sources not included in the study or injectors in contact with one of our data sources but for one reason or other not reported by them.
Prevalence was found to vary with age and gender in all three areas and was typically higher in men and older age groups. In Brighton and Liverpool the prevalence among men aged 15 to 44 was 2.8 per cent and 2.5 per cent respectively compared to 1.2 per cent and 0.6 per cent among women, whilst among men aged 30 to 44 the prevalence was estimated to be more than one in 30 of the population at 3.9 per cent in Brighton and 3.6 per cent in Liverpool, compared with one in 71, or 1.4 per cent, among men under 30 in both cities. Overall in the 12 London boroughs the prevalence of injecting drug use was 1.9 per cent among men and 0.6 per cent among women aged 15 to 44. Among men aged 30 to 44 prevalence in London (2.2%) was lower than Brighton and Liverpool although levels in males under 30 was similar to the other sites. However, in inner London the prevalence was 2.5 per cent and 0.9 per cent among men and women aged 15 to 44, and three per cent among men aged 30 to 44 compared to 1.9 per cent among those under 30.
The prevalence of injecting drug use in males and females under 25 in Liverpool and London was lower than the prevalence of injecting drug use among those over 30 but within the range of the 95 per cent confidence interval of the estimates for under 30s.
The prevalences obtained for the eight inner and four outer London boroughs were applied to the population data for the whole of these areas to obtained an estimate for the whole of London. This produced an estimate for the whole of London of 34,400 (1.0%) injectors aged 15 to 44, with 25,000 (1.7%) in inner London. 
Problematic opiate use
Estimates of opiate use were not undertaken for Brighton as the data set was composed mostly of injectors with too few non-injectors to calculate a robust estimate of all problematic opiate use. Opiate estimates for Liverpool and the 12 London boroughs are shown in Table 9 .
Overall, we estimated that there were approximately 4,000 (95% confidence intervals 3,600 to 4,400) problem opiate users in Liverpool and 29,000 (22,400 to 43,000) problem opiate users in the 12 London boroughs. These gave similar estimates of prevalence at two per cent (one in 50) of the population aged 15 to 44 years. In inner London the prevalence was higher at 2.7 per cent (95% confidence interval 2.1% to 4.0%). These estimates measure heroin chasers and injecting opiate users, as well as those in treatment and receiving substitution treatment. 
Crack or cocaine use
Only London had sufficient data to attempt capture-recapture estimates of crack and cocaine use ( Table 10 ). The estimates suggest that there were around 11,000 (95% confidence interval 10,200 to 12,100) crack or cocaine users aged 15 to 44 years in the 12 London boroughs in 2000/01, or around one in 125 (0.8%) of the 15 to 44 population of these 12 boroughs. The highest prevalence, one in 63 (1.6%), was found among men aged 25 to 44 years in the eight inner London boroughs, and the lowest, one in 615 (0.2%) amongst women of the same age group in the four outer London boroughs. Applying these prevalence estimates to the whole of London yields an estimate of 24,000 (0.7%) crack or cocaine users aged 15 to 44, with 15,000 (1.0%) of these in inner London.
These estimates are the first for crack or cocaine using capture-recapture methods in the United Kingdom. They should be treated cautiously and perhaps as minimum estimates given that the ratio 
Total number of users estimated ( 95% CI ) Estimated prevalence of use (95% CI)
Estimates of the numbers of crack or cocaine users aged 15 to 44 in the 12 London boroughs: 2000/01
Boroughs of Brent, Camden, City of Westminster, Ealing, Hammersmith and Fulham, Harrow, Hounslow, Islington, Kensington and Chelsea, Lambeth, Lewisham, Southwark. of "observed" to "unobserved" were generally lower than for the estimates of injecting drug users or problem opiate use. In addition, the overlap between crack or cocaine use and injecting drug users and opiate users was high: 65 per cent (2,761/4,223) of those recorded as crack or cocaine users were also recorded as opiate users. There may be important differences in the chances of being on a data source between crack or cocaine users that use heroin and crack-cocaine users that do not (i.e. "heterogeneity"). Further analyses of crack or cocaine estimates (with opiate use as a covariate) should help interpret heterogeneity levels.
Problematic drug use
Estimates of the number of problem users (injectors and non injecting users of opiates, crack, cocaine, or benzodiazepines) were also possible in London. In Brighton too few non-injecting users were identified, whilst in Liverpool most individuals identified were problematic opiate users (either injecting or non-injecting) with too few recorded in other drug using categories. Again, rather than the absence of the problem users in the population, this reflects the limitations of utilising certain data sources and problems caused by restricted data sets collected at certain agencies.
The number of hidden problem users in the 12 London boroughs was estimated at 38,400, which gives a total estimate of around 46,000 (95% confidence interval 35,300 to 64,700) problem users aged 15 to 44 years in 2000/01: one in 24 (4.2%) of the 15 to 44 population (table 11). The highest prevalence was found among men aged 25 to 44 years in inner London (7.5%), and the lowest was found among women of the same age group in outer London (0.4%).
The estimated number of unobserved problem users was five times greater than the number of observed users, suggesting that only one-sixth of the estimated population had been captured by the 
Multiplier results
Multiplier estimates of the number of injectors were undertaken in all three areas. Table 12 gives the benchmark data (see Methods for definitions) and any adjustments that were made in order to correct for missing or incomplete data. For example, the benchmark number of recorded overdose attendances at Brighton Accident and Emergency department was obtained by applying the proportion of injecting overdoses in those records that could be located and contained information on drugs and route to both the records that could not be located and to those records with incomplete information; this increased the benchmark from 39 to 51.
Estimates for the multipliers for the three areas are given in Table 13 . Multipliers provide a range of estimates for each of the three areas, most of which are implausible as they are either lower than the observed data collected for another benchmark, or less than the number of individuals identified for the capture-recapture exercise. For example, the Brighton overdose data multiplier gives an estimate of 323 injecting drug users yet there were 631 individuals registered with their needle exchange. In fact, in Brighton all the multiplier estimates were lower than the 857 individuals observed in the capture-recapture study, and the maximum value, 768, was approximately a third of the capturerecapture estimate. The multiplier estimates for Liverpool ranged from 533 to 1,387 (median 1,065). Although all the estimates were greater than the largest benchmark, four were lower than the 1,222 injectors observed in the capture-recapture study. The maximum estimate obtained using the multiplier method was less than half the estimate obtained using capture-recapture.
In London the multiplier approach gave estimates ranging from 2,936 to 10,559 (median 8,412). Only one of the estimates was less than both the largest benchmark and the 4,235 injectors observed in the capture-recapture study. The maximum estimate was almost two-thirds of the capture-recapture estimate and below the lower 95 per cent confidence interval of the capture-recapture estimate.
The performance of the individual multiplier estimates varied between the sites: in Brighton the highest and lowest multiplier were arrest for possession and treatment respectively; whereas in Liverpool and London the highest and lowest multipliers were Accident and Emergency and arrest for possession, and registration with needle exchange and arrest for possession respectively. None of the multiplier estimates can be viewed as plausible.
Historical multipliers
Three 'historical multiplier' estimates are shown in Table 14 . Overall, these gave estimates ranging from 310 to 4,800 for Brighton, from 1,300 to 2,800 in Liverpool, and from 3,650 to 12,600 in the 12 London boroughs.
In all three sites the treatment multipliers were below, or roughly the same as, the number of observed injectors in the capture-recapture studies. In Brighton the mortality multiplier gave a higher value than the capture-recapture estimate, and would suggest that prevalence of injecting was between two per cent and four per cent among adults aged 15 to 44, which even for Brighton would be too high. Whereas for London and Liverpool the mortality multiplier estimates were lower than the capturerecapture ones, with the mid-range values below the lower 95 per cent confidence interval of the capture-recapture estimate.
There are likely to be problems both with the benchmarks and the multipliers. For example, for the treatment multiplier -we just do not know accurately enough how many injectors are newly in treatment ("first demand") or the total number of injectors that are in treatment. There are no reliable data on the average time before presentation, and we have no evidence to suggest that an overdose mortality rate of one per cent to two per cent is appropriate in all three sites for 2000/01. 
Public health indicators
Estimates of the number of problem drug users are useful not only in providing an indication as to the extent of the problem, but critically for examining the coverage of services provided to address problematic drug use and to reduce the harm caused. In addition, they can provide evidence on the credibility of the estimates. Preliminary data on 'Public Health Indicators' for injecting drug use are shown in Table 15 .
These indicators raise interesting questions and must be treated cautiously as some of the indicator data may not provide complete information on, for instance, the full extent of service use because of missing or incomplete records. For instance, the indicators suggest low coverage of treatment: from one in 10 of injectors in Brighton and London to one in five in Liverpool. However, the treatment data are likely to be incomplete and refer to the number that present to specialist treatment agencies which are thus likely to miss injectors using primary care services. Ideally, we would measure the number of injectors in receipt of substitution treatment, but this number was not calculable within the time frame of this study.
Equally, the indicators suggest that a quarter of injectors are registered with agency needle exchanges in Brighton and London, whereas in Liverpool one-fifth are registered with an agency needle exchange but over a third are registered with a pharmacy based exchange. Data on the number of injectors in contact with pharmacies are not currently available from Brighton and London.
Data on the total number of needles and syringes distributed in the three areas indicate similar numbers are distributed per injector in Brighton, Liverpool and the 12 London boroughs. In each area the number of syringes distributed per injector during 2000/01 was approximately equal to one clean syringe every two days for each injector. As the community survey findings suggest that most injectors inject every day (and many inject more than once each day) insufficient syringes are distributed to ensure a clean syringe is used for each injection. Data from the London community survey indicate that injectors inject on average 25 days per month and on each day they inject they do so an average of 2.9 times. This would suggest that current levels of needle exchange activity provide coverage for approximately 25 per cent of all injections. It is important to note, that this represents a very high coverage in comparison to many other countries. For instance, it was estimated that coverage was less than 10 per cent in Newhaven, US and Vancouver, Canada 79 80 .
The estimated annual opiate mortality rate was two per cent in Brighton compared to approximately one per cent in Liverpool and London. There are several potential reasons for such a disparity, including the age structure of the injecting population, environmental risks, injecting risk behaviours, and coding by coroners.
The similarity of needle exchange coverage between the three sites and realistic estimates of the overdose mortality rate lend support to the credibility of the prevalence estimates obtained through capture-recapture. However, if the estimates from the multipliers had been used as the denominator, the public health indicators would give a very different, and possibly misleading, picture.
Finally, for Liverpool it was possible to calculate the proportion of injectors by age and gender that were in contact with either a treatment service or a needle exchange service (agency-based or pharmacy). This public health indicator for different age and gender groups is shown in Figure 1 and suggest that proportionally more women injectors (and particularly younger women), are in contact with both treatment and syringe exchange services. 
Discussion
The study aimed to estimate the prevalence of injecting, opiate, crack/cocaine and problem drug use in three areas of England (Liverpool, Brighton and part of London) using two different indirect estimation methods. Estimates were provided for the prevalence of injecting drug use in all three areas, but reliable estimates of opiate use could only be provided for two of the areas, and the prevalence of crack or cocaine use and problem drug use only in London. Capture-recapture methods did provide consistent, credible and plausible results. The estimates based on the multipliers were less robust, and could give a false impression of the coverage of services that in turn could hinder effective policy and public health action. The wider use of multiplier methods as a sole method for estimating the prevalence of problem drug use is not recommended.
The use of capture-recapture can be extended to other sites to improve evidence locally. The estimates generated in this study were used by a further study using multiple indicator methods to generate national estimates 81 . New sites for prevalence estimation could be selected on the basis that they increase the range and type of geographical areas covered, strengthen estimates from the multiple indicator method, and support other surveys investigating overdose mortality or the prevalence of blood borne viruses among injecting drug users.
The discussion considers first the credibility of the estimates and their implications, followed by consideration of the methodological implications of this study to future work.
Findings Injecting drug use: estimates
The best estimates were generated using covariate capture-recapture. The prevalence of injecting drug use among those aged 15 to 44 years in 2000 was estimated to be two per cent (95% confidence interval 1.3% to 3.2%) in Brighton, 1.5 per cent (1.3% to 2.6%) in Liverpool, and 1.2 per cent (1.0% to 1.6%) in twelve London boroughs overall and 1.7 per cent (1.2% to 3.3%) in the inner London boroughs. These equate to one in 50 of the Brighton population aged 15 to 44; nearly 3000 injectors or one in 66 of the population aged 15-44 in Liverpool, and over 16,000 injectors in 12 London boroughs and greater than one in 60 of the population aged 15 to 44 in inner London. In London as a whole we estimate there to be 34,300 (1.0%) aged 15 to 44, with 25,000 (1.7%) in inner London. In all three areas prevalence is high and clearly of public health importance. We believe these estimates are credible, consistent with each other and fit with the available evidence from some of the public health indicators.
First, the similarity in prevalence between the three areas offers some construct validity. Second, the ratio between the observed number of injectors in the data sources used in capture-recapture to the estimated unobserved number of injectors were plausible and not excessive, and in keeping with other studies elsewhere. In Liverpool and Brighton for every observed injector (identified by the data sources) we estimated that there was less than two unobserved, and in London the ratio was about three unobserved to one observed. Importantly "unobserved" does not mean hidden but includes injectors in contact with other data sources not used in the capture-recapture exercise and injectors not reported by the data sources used in the capture-recapture exercise, as well as those truly out of contact. For instance, in London the number of injectors registered with a needle exchange was higher than the number of 'observed' individuals because a large number of needle exchanges failed to collect date of birth and so could not be used in the capture recapture analysis. In addition, the number of injectors in contact with pharmacy-based exchanges has not been counted, and it is likely that there is under-reporting of the number of injectors in treatment.
Third, historical studies and estimates elsewhere provide supporting evidence for our estimates. In Liverpool in 1998 the prevalence of injecting was similar at 1.3 per cent among those aged 15 to 44 59 , in Glasgow in 1990 36 the prevalence was 1.3 per cent among a wider age group at 15 to 54, and in Manchester the prevalence of injecting was estimated to be 1.3 per cent among those aged 16 to 54.
The higher prevalence in Brighton in part was expected and fits with evidence on overdose mortality (discussed below).
The distribution of injectors by age group and gender also were plausible. In all cities the highest prevalence was among males aged 30 to 44 at 2.2 per cent to 3.9 per cent. This suggests that currently the bulk of the injecting population is an ageing cohort. Overall, the prevalence among men was two to three times higher than among women aged 15 to 44, though the difference is not as wide among the younger age group.
Finally, in Brighton and Liverpool where consultation has already taken place local experts and policymakers supported the estimates.
Injecting drug use: public health indicators
As part of the study some provisional data for examining coverage (i.e. the proportion of injectors in contact with treatment or needle exchange services) and other public health indicators were gathered. These emphasise the need for action in a number of areas:-
• improve surveillance data • increase specialist treatment • increase needle exchange distribution • reduce opiate overdose deaths
Treatment
Results suggest the need to increase the number and proportion of injecting drug users in treatment in all three areas. However, better data on the number of people in treatment are also required across all three areas, even in Liverpool which had the best data and reported the highest proportion of injectors in treatment (23%). The data missed a substantial number of injecting drug users treated in primary care, and it is likely also that some injectors in treatment were not identified because of missing data on injecting status. Furthermore, the indicator data refer to those registered with a treatment agency not those who received substitution treatment, which may be lower.
Needle exchange
In the 12 London boroughs over 4,300 (25%) injectors were registered with a local agency needle exchange. In Liverpool and Brighton 20 per cent and 27 per cent respectively were registered with a local agency needle exchange and had received clean injecting equipment in the last year. These proportions would be substantially higher if the number in contact with pharmacy based exchanges were included, as is shown by the data for Liverpool were the numbers registered with Pharmacy exchanges are available -36 per cent were registered with pharmacy exchange, and 53 per cent were registered with any needle exchange.
Unfortunately, national surveillance of needle exchange has not yet been established which is critical to monitoring coverage. The best available data suggested that in the part of London covered by our study about three million syringes are distributed, with over 400,000 in Brighton, and 560,000 (agency based syringe exchanges only) in Liverpool. Interestingly this equates to approximately the same coverage in the three sites -that is around 190 syringes per person per year -or one syringe every two days -which is about one free syringe per four injections and a coverage of 25 per cent of all injections. These data are supported by behavioural surveillance, which suggest that injectors use their syringe on average two to four times per day.
Data from the ongoing behavioural surveillance of injectors in contact with services indicated that in 2001 one in three injectors had shared needles and syringes in the last month, whilst the prevalence of Hepatitis C is higher in London and Liverpool than elsewhere in England (at over 50% compared with less than 30%)
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. At current levels of coverage the opportunity for sharing syringes and viral transmission has not been eliminated. Consequently it is recommended that local and national policymakers urgently consider increasing the distribution of clean injecting equipment by as much as twofold, in order further to reduce the opportunity for sharing syringes and prevent transmission of bloodborne viruses.
Overdose and drug related mortality
Brighton has proportionately more opiate overdose deaths than any other city in England. In 2000, Brighton recorded 0.4 per 1,000 aged 15 to 44 opiate overdose deaths compared to 0.1 and 0.2 in Liverpool and London respectively. Taking the estimates of the prevalence of injecting drug use as the denominator the annual overdose mortality rate was estimated to be 0.8 per cent to one per cent in Liverpool and London, which though unacceptably high is in keeping with estimates from the literature 83 . In Brighton, however, not only was the prevalence of injecting estimated to be higher but the opiate overdose mortality rate also was higher at two per cent in 2000. In part this may be due to a cohort effect given that the highest prevalence of injecting was among those over 30, who also tend to experience higher overdose rates than younger injectors 84 . However, it certainly requires further attention and public health action to determine why the rates are so high in Brighton and to reduce them.
Prevalence and coverage
Deriving an estimate of the prevalence of injecting drug use (or other problematic use) is only half the picture. These data need to be seen in the context of coverage and other public health indicators in order to monitor progress and identify areas that need public health action by local and national policymakers. It is recommended that other data are regularly collected to generate public health indicators of use to policy-makers. These could include the number of injecting drug users in contact with all needle exchanges, outreach, probation, social services, and prison.
The preliminary measures of coverage emphasise some public health messages but also highlight the need to improve the completeness and quality of surveillance data on injectors and problem drug users in contact with services. Otherwise the usefulness of knowledge of the prevalence of injecting drug use will be limited. Equally, estimates of prevalence have to be reliable, for example, if only the multiplier estimates (which were lower than the capture-recapture estimates) were available the study might have concluded that every injector had one syringe per injecting event, over half the injectors in Liverpool were in treatment and the annual mortality overdose rate by injectors was over four per cent in Brighton. An almost certainly inaccurate and seriously misleading picture that could hinder effective action.
Problem, opiate, and crack/cocaine use: estimates
Estimates of other types of problem drug use (i.e. other than numbers of injectors) were limited by the available data. Estimates were derived for problem opiate use in Liverpool and problem opiate use, problem drug use and crack-cocaine use in London. The credibility of these estimates varies.
There is support for the estimates of the prevalence of opiate use among those aged 15 to 44 yearsat over two per cent in Liverpool and the 12 London boroughs and 2.7 per cent in inner London. The prevalence of problematic drug use has previously been estimated for parts of inner London 3.6 per cent (95% confidence interval 2.7% to 4.9%, 1993/4) in Camden and Islington, 3.1 per cent (95% confidence interval 2.5% to 3.9%, for 1992) in Lambeth, Southwark and Lewisham and 3.3 per cent (95% confidence interval 1.9% to 5.7%, 1995) in Newham 35 . Although these estimates are for those aged 15 to 49 years and used slightly different definitions of drug use they are comparable to our inner London estimate of problem drug use of 4.2 per cent. Estimates of problem drug use undertaken in other parts of England have also obtained similar prevalences, for example a study in Liverpool using data for 1998 found a prevalence of problem drug use among those aged 15 to 44 years of 3.7 per cent 59 .
Our estimate of the prevalence of crack or cocaine use in London is one of the first examples of capture-recapture applied to crack/cocaine in the United Kingdom. However, as such the figures must be treated cautiously and perhaps as minimum estimates. Further work on crack-cocaine use is required to corroborate these findings, and to identify which data sources and methods may be the best for future studies.
More generally, questions remain as to what "problem drug use" represents. and whether it is meaningful without reference to drug type. Injecting drug users, opiate users, and possibly crackcocaine users tend to be poly-drug users. For instance, the behavioural data suggested that though nearly nine in ten of the injecting drug users in the survey injected heroin in the previous year over half had also used crack or cocaine. Treatment services and many other data sources on problem drug use are dominated by opiate and crack-cocaine use. The problematic use of illegally obtained benzodiazepines in non-heroin users may not be large. Cannabis, ecstasy, and non-injecting use of amphetamine and powder cocaine are estimable through different methods: direct methods or population surveys 85 . It is recommended, therefore, that prevalence estimation of problem drug use focus on injecting drug use, opiate and crack/cocaine use with an assessment of the most appropriate data sources for each type.
The methods
Indirect methods are inherently uncertain, and the estimates they produce need to be treated cautiously. There are "no simple rules" for determining reliability or the sample size required 57 , though in general the larger the study the better. Nonetheless, as shown above, useful estimates that describe the extent of drug use in the population can be determined for policy makers.
Surveillance: objectives of data sources
The majority of effort expended in this study was on obtaining ethical approval, gaining access and collecting routine data. The process also raised a number of issues on the quality of some of the data collected on problem drug users. Data quality and the completeness of data on drug profiles were partly responsible for the inability to estimate prevalence of problem drug use, opiate and crack use in all three areas. Future estimation exercises will benefit and become easier and more reliable with investment, better scrutiny, and improved quality assurance in data sources on problem drug use.
Prevalence estimation -through capture-recapture -should be included as a key objective of the United Kingdom's investment into current and future data sources, such as monitoring systems for drug treatment, and the national arrest referral scheme. In this way the delays and problems encountered in obtaining access to the data sets will be avoided, and estimation will become faster and central to the reason for collecting information on drug use. It is recommended that key stakeholders in drug information nationally and locally consider which data sources can be used for prevalence estimation and identify what action needs to be taken to enhance their use in routine prevalence estimation. Guidelines on data collection and prevalence estimation for regional and local areas could be produced (based on this work and other capture recapture studies such as the parallel study in Manchester).
Covariate capture-recapture methods
This study is the first to apply covariate capture-recapture techniques to problem drug use, and the first application of the method to four data sources. In addition, bootstrap methods were employed to estimate 95 per cent confidence intervals, rather than a traditional approach based on interval estimation. Covariate capture-recapture estimation methods attempt to deal with heterogeneity within a single model (i.e. that there are differences in the likelihood of being in any particular data source with covariates such as gender, age, area of residence). This method is more economical and efficient and an advance on traditional capture-recapture that stratifies data by age, sex, and area in order to deal with heterogeneity. The traditional method tends to result in a large number of model estimates often derived using little data in some subgroups, thereby increasing the uncertainty of each estimate and diluting the statistical power to distinguish the best fitting model. Nonetheless, even the covariate technique cannot deal with all the heterogeneity and problems with data scarcity that may arise. For instance, in Liverpool separate models were used for males and females to deal with heterogeneity; and in London there were insufficient data from all the data sources for reliable estimates by Drug Action Team area. Improving the availability and completeness of routine data sources will solve some of these problems.
Further work is required on the covariate technique to identify limitations on the number of covariates, sample size and model complexity, and establish appropriate information criterion for model selection.
The technique is more complex than the traditional method, and we recommend that programmes (macros; i.e. subroutines for commercial statistical packages) are commissioned so that the method can be used in future estimate exercises in the United Kingdom and elsewhere.
Historical estimates, multiplier estimates
Historically the prevalence of opiate use was estimated by multiplying the number of addicts notified to the Home Office by five or 10 86 . Godfrey et al, recently estimated the number of problem drug users to be from 280,000 to 500,000 based on the assumption that in one year one-third or half the number of problem drug users are reported to the Drug Misuse Database, or that on average it takes five to eight years before a problem drug user first enters treatment 67 . NERA estimated the number of heroin users to be approximately 240,000 based on information from 'NEW ADAM' on the number of heroin users arrested and estimates of the probability of arrest 87 . Work commissioned by the European Centre for Monitoring for Drugs and Drug Addiction also estimated the prevalence of opiate use based on a mortality multiplier -assuming that the overdose mortality was between one per cent and two per cent annually and that prevalence was estimable by multiplying the number of overdose deaths by the overdose mortality rate.
The trouble with these approaches is that we do not know what proportion of problem drug users are in treatment. Similarly, we do not know the average delay between onset of problem drug use and presentation to treatment, or the probability of arrest of a heroin user; and it is likely that these quantities would vary over time and by age, gender, and geographically. The use of surveys of problem drug users as a source of locally specific multipliers in our study (and other unpublished studies we know of, e.g. Lucy Platt personal communication) failed because the sample was not representative of the target population and generated biased multipliers. The local surveys followed best practice in the design of community surveys, taking steps to reduce potential bias. However, for the purposes of prevalence estimation, it is difficult and perhaps impracticable to recruit a fully representative sample of injectors for an unbiased multiplier estimate.
Furthermore, it is likely that the benchmark data on the number of problem drug users in treatment or the number of heroin users arrested are currently inaccurate, and that there is not sufficient information to adjust the benchmarks accordingly for under-reporting. This implies that in England (and many other countries) the best national estimates of the prevalence of problem drug use (which are based on such techniques) are more likely to be best guesses.
Technically and statistically the multiplier method is equivalent to a two-sample capture recapture. Two-sample capture-recapture studies are not recommended because the assumption that the two sources are independent of each other cannot be tested, and there is no guarantee that epidemiological data sources are independent. The exception would be in situations where there is a high level of overlap in which case bias is minimised, or where the size and direction of independence were known and the objective was to provide minimum or maximum estimates. Importantly, neither of these situations applies to problem drug use.
Future development of the multiplier method must take account of these difficulties. A recent paper estimating prevalence of injecting drug use in Edinburgh reported an advance based in part on an HIV multiplier and using smoothing and extrapolation techniques to deal with heterogeneity generated by differences in the proportion HIV positive by age
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. However, the final estimates were lower than those calculated using capture-recapture and the method still relies upon the assumption that the multiplier is representative, which is not certain.
Other developments of the multiplier method have been proposed, which seek to combine multipliers in order to estimate and adjust for any bias, though they still depend on the accuracy of benchmark data 16 88 . Currently, these methods are only theoretical or have been piloted once in the USA. It is therefore recommended that a statistical review and pilot feasibility test of an advanced multiplier be undertaken in England. This would establish whether advanced multipliers are reliable and could provide another alternative estimation method and source of corroboration for capture-recapture.
Data sources
Key to the successful application of both capture-recapture and multiplier methods of estimation are the data sources. The requirements for future work are clear: four or more data sources that collect reliable and consistent data on the person, drug profile and administration, and cover contact with treatment and criminal justice. It is recommended that work is undertaken to establish data collection for prevalence estimation as a key role of at least four data sources from among those potentially available. Furthermore it is suggested that these included the existing treatment and arrest referral data sets. A third source could be achieved through the establishment of a national needle exchange monitoring system and it is recommended that the feasibility of this be considered. A fourth data set could be either from social service, criminal justice or attendance at Accident and Emergency depending on local circumstances and the estimate desired.
All the data sources used in this study had problems (summarised below and in appendix C).
The treatment data and arrest referral data where the easiest of all the data sources to obtain as they are already collected through national/local monitoring systems. However the quality of the data could have been better. The treatment data generally had extensive information on the drugs used, but residence information was often incomplete and sometimes contradictory and problems were also encountered with gender coding, duplicate reports and inverted initials. The arrest referral data were generally of better quality, but had more limited drug related information. These two data sets, as they are routinely collected, will be key to any future estimation exercises.
Data from needle exchanges was only routinely collated in Liverpool. In Brighton and London the needle exchange data had to be manually collected, which was time consuming particularly as some agencies operated paper-based systems or used computer systems from which export of the data needed was difficult. The data quality between areas varied considerably. There was typically limited information on the drugs used as many needle exchanges only recorded the main drug injected. However, the main problem encountered was that a number of agency needle exchanges in London did not collect dates of birth (other needle-exchanges generally collect this information as they use initials and dates for birth as client identifiers). Data from needle exchanges could, if collected in a standardised way, provide a third accessible data source for prevalence estimation.
The establishment of a national standard data set for needle exchanges is recommended, and it is also recommended that consideration be given to the establishment of a national needle exchange monitoring system. The data source that was the most difficult and time consuming to collect was that on overdose attendances at Accident and Emergency departments, though the quality of the data that was obtained was generally high. This data was difficult to collect for a number of reasons, which applied to varying degrees to most of the Accident and Emergency departments that provided data. Firstly, a wide and diverse range of recording systems were in place. Most had computer database systems where it was possible to identify episodes involving possible overdose/poisonings either by searching for appropriate diagnostics codes or by using free text searches of episode descriptions. Where diagnostic codes were used there were often several codes under which overdose/poisonings could be recorded including a general code for drug/alcohol use. The use of such general codes typically produced lists of possible episodes that were too long to examine. As a result it was not practical to search for overdoses at some Accident and Emergency departments. Once a list of possible episodes had been identified it was then necessary to access the corresponding notes; these had usually been scanned or microfiched (so that they could be viewed or printed off). However, in some cases it was necessary to search in note stores and in others it was necessary to use a combination of these approaches as there had been changes in the technology used during the time period being examined. The process of examining notes was very slow and laborious and notes could not always be located. Overdose data from Accident and Emergency departments is potentially a very rich source of information. However it is costly to collect and identify only small numbers of episodes. This study has highlighted that the collection of Accident and Emergency data for use in capture-recapture studies is not recommended unless it is 'easily' available through a single electronic system.
Finally, there are a number of other potential sources of data that could be used in capture-recapture and need to be reviewed -for example, probation service, court reports, and social services.
Recommendations
Overall. Appendix E: Capture-recapture estimates of injecting drug users using age 25 split 
